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HEUETKASI KOTHUTUBHASI KAPTA
1A AHAJIM3A @YHKHUOHUPOBAHUA
TEXHOJOTUYECKOT' O KOMIUVIEKCA

Beeaenue

JluHamMuueckue mpouecchl B CJAOKHBIX CUCTEMAaX, KOTOPbie (YHKIMOHUPYIOT B
YCIOBUAX HEONPEIEIEHHOCTH, ONTUCHIBAIOTCS Pa3HBIMU MOJEIAMHU B 3aBUCUMOCTHU OT
CTeTIeHH WH(GOPMATUBHOCTH O CHCTEME U BHelTHeH cpensl. Tpaaumuonasie audde-
pEHUMANIbHbIE YPABHEHUS YAOBIETBOPUTENBHO OMUCHIBAIOT JIMHEHHYIO (1MHEApPU30-
BAaHHYIO) YacCTh IIPY YCIOBUH IIPUHATHSA IPETIONO0KEHUA O €€ KBa3UCTAIIMOHAPHOCTH,
a TIOJIYUYEHHBIE MOJIENIM aIEKBAaTHO ONUCHIBAIOT 3aKOHBI COXPAHEHUS BEILECTBA U SHEP-
run. [lpu CyImecTBEHHBIX HEOMPENENEHHOCTAX (CUTYAaMOHHBIX, NH()OPMALMOHHBIX,
HEUETKOCTU MOJENEeH) B CI0XKHBIX CUCTEMAX BO3HUKAKOT CJOMKHbBIE B3aUMOCBA3U
MEXIY OTACITBHBIMU JIEMEHTAaMHU, KOTOPBIE TPEOYIOT HCTIOIB30BaHUS APYTHX TTOAXO-
J0B, B YACTHOCTH MPEICTABIEHUE CUCTEMbI B BUJIE HEUETKUX KOTHUTUBHbIX KapT. AHa-
AU3 KOTHUTUBHbBIX KapT MO3BOJACT MOJYYUTh MHPOPMALIMIO O MOBEJACHUU CUCTEMbI
TpU AeHCTBUY BHEITHUX W BHYTPEHHUX (DaKTOPOB.

MeToanka HccJIeI0BAHNA

B craTbe paccMaTpUBaeTCs MPOM3BOIACTBO caxapa 13 CBEKJIIBI, OCHOBOW KOTOPOTO
ABIISIETCSA TeXHOJNoTHUecKH kKoMmteke (TK) kak cirokHas opraHn3allHOHHO-TEXHOJIO-
ruyeckas cucreMa, QyHKLMOHUPYIOIIAs B yea0BuaAx HeonpeaenéuHoctu. TK cocTout
W3 OTIEIBHBIX CTaauil (MOACHCTEM), Kaxkaash U3 KOTOPBIX XapaKTEPU3YETCs CBOUMMU
MoKa3aTe/aMu (QYHKLIMOHUPOBAHUS, KOTOPbIC (POPMUPYIOT KaK TEXHOJOTUUSCKHUE, TAK
U TEXHUKO-DKOHOMMYECKHUE Pe3yabTaThl padOThl IpeAnpuaTusi. B COBpEMEHHbIX 3KO-
HOMMWYECKUX VCIOBHUIX OCOOCHHO aKTyaJbHBIMH SBJSIOTCS 3adaud OTICPaTHBHOTO
ynpasnenus TK v 3aBoaa B LE/IOM, OLIEHKA BJIMSHUS BHEIIHUX (DAKTOPOB HA padoTy
NpPeANpPUATUS, B IIEPBYIO OUEPE/Ib LIEH HA ChIPbE U SIHEProHOCUTeNd. ABTOpaMu paspa-
O0oTaHa METOAWKA CO3/IaHNs HEUETKWX KOTHUTUBHBIX KapT s 3aBoaa, TK u ero mou-
CHUCTEM, UTO B COBOKYIIHOCTH JaET BO3MOKHOCTH CO34aTh OCHOBY /18 PUHATHSA OIIe-
pPATUBHBIX YIPABACHUECKUX PELLICHUI.
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3a 0CHOBY pa3paboTky 0000MmEHAOH HeuéTkoM korHUTHBHON KapTel (HKK) mpu-
HUMAETCA NOAX0J, KOI/1a BbLAEAAKTCA BXOAHBIE U BbIXOJAHbIE NIEPEMEHHDBIE, a CBA3U
OTUCHIBAIOTCA HEUETKUMH TpaBwiaMu. Ha MHOkecTBe KOHUENTOB (C HEUETKOW IpH-
YMHHO-CIEACTBEHHOM CeTU G =(C,W) BbLACAIETCS MHOKECTBO BXOJHBIX JCHCTBUN
X ={x,,x,...x,}, MHO’KECTBO BBIXOIHEIX HeifcTBUI Y ={y,,,..y, | ¥ TPOMEKYTOTHBIE
KOHLENTbI /v = {el,e:...ep}, a4 TAaKKE MHOXKECTBO CBA3CH MEKAY KOHLENTAMM
W = {w((‘,.,(_','j)},IfV e[0:1]. DTu cBsI3M OTpakarOT CTENEHb B3aWMHOTO BJIMSHUS OIHOTO

KOHIIENTA HA APYroil U MOryT NPUHUMAThH TOJbKO MON0KUTENbHOE 3HaueHue. B npoc-
TEHIIEM CJly4Yae Ha 3TaNe HAYalbHOIO AHAIM3a MOXHO OIPAHUYUTHCS OMHAPHBIMU
CBA3AMU: W (('.‘f.,(.'j): 1, KOraa CBsA3b €CTb U W((.“i,(_“f): 0 Opu OTCYTCTBUHU CB3U. Kax-

JOW TaKOW CBA3M CTaBUTCSA B COOTBETCTBUE HEUETKOE TpaBuyio »(C,,C,) ¢ TepmMaMn T,
nTl, roe T, = {?}f,T{...Tf

w.} — TEPM-MHOMKECTBO JIMHTBUCTUYECKON MMEPEMEHHOM € m; TH-
NOBbIMU COCTOSIHUAMM KOHLienTa. [{ng onucanus kaxaoro tepma GopMUpyeTcs Tepm-

MHOKECTBO ¢ (yHKUMEH NPUHAMIEKHOCTH 1, (x) . CBA3M MEMKIy TUIOBBIMU COCTOS-
R

HUAMM Ka)KJIOHU Napbl KOHIIENTOB ABJIAKTCSA HEUETKUMU MEPEMEHHbIMU, KOTOPbIE OMNU-
CBIBAIOTCS COOTBETCTBYIOIIIMMH HEUETKUMU MHOKECTBAMH.

Jlns 0000WEHHBIX KOTHUTHBHBIX KapT U30MPAIOTCst pa3iauuHblie (popMbl PyHKU M
NPUHAIEKHOCTY (TPEYroJibHas, TpaneueuaaibHas, rayccopa U Ap.), a TaKKe Cho-
coObl HEUETKOro JIoruueckoro Bbioaa (no Mamaanu, [lykamoro, JlapceHom), mpotie-
aypsl nedazudurkanuu 1.0. [IpaBuna oTpaxaroT ycaoBus U NOCASACTBUS C MOMOILIBIO
(YHKIIAN MPUHAISKHOCTH, MOTYT 00BEAMHATRLCS TTPaBUiia, KOTOPBIE OTPAYKATOT O/TH-
HAKOBbI€ TIOCAEACTBUSA U OTHOCATCA K OJHOMY B3aUMOJIEHCTBUIO, /Ul 3TOr0 UCMOb-
3yeTca Joruyeckoe cymmuposaHue. KonuuecTBeHHbIN pPe3yJbTaT B3aUMOJCHCTBUA
MEXIY 3JIEMEHTaMH OTIPEACIIICTCS Ha OCHOBE HEYETKOTO BBIBOIA, HATIPUMEp, HA OC-
HOBe cnoco0a Mamaanu, a A NpUBEAEHUSA K YETKOCTU UCMIOJAb30BAHO LIEHTPOU THBIH
meron [1]. Heuétkoe npaBuno 4 — B 3anuCbIBaeTCs B BUJE:

(X, € AYH.(X, € A)H.(X, € 4,)..TOY € B) ()
JIns onpeaeneHus KOHEYHOTO YPOBHSA AKTUBALMU NPUMEHAETCS ONepaTop J10ru-
YECKOT0 YMHOKEHUS JUIS OTAEIIBHBIX COCTABJIAIOIINX YCIIOBHS B ITPaBUJIE:

#y(X) = min(u, (X))

€ClIn

2)
ArperupoBaHHas 1o BceM MpaBuiaM (QYHKIMS NPUHAUISKHOCTU ONMPEACIACTCS
JIOTHYECKUM CYMMHPOBAHUEM

#y (Y) = max(u, (X) 1 (Y))

: ()

a HayaJbHAS OLEHKA Pe3ybTaTa KOHLIENTA ONPeAeasaeTCsl OTHOCUTEIbHO LIEHTPA
obacTu;
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j;f s (V) ydy
Y. =2

[
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@

[Tpy HaTWIHM MaTPHUIIBI B3aUMOCBS3EH KOHIIETITOB ¢ HCUETKUMHU YHCIaMH, BBIpa-
*keHue (3) npuHUMaeT BUA;

(V) = max (i (X -W(C C ) (V) (5)
O®Oyukuronuposanue Takoii HKK B HampasieHruu OT Bx04a K BbIXOAY Onpeacs-
€TCS 3aBUCUMOCTbBIO Y = I'(X W), rae: X — BXOJHbIE ACHCTBUSA CUCTEMBL, MOJCIUPYe-

MbI€ BKJIIOUEHHEM BHEMIHUX (akTopoB. [lpu Hamuuuu oOpaTHOU CBA3U B CHUCTEME,
dyHKIIMOHANTBHAS 3aBUCHMOCTD TPUHUMAET PEKYPPEHTHBIN BUL:

Y ()= F(X(=1.Y(t=1).0) 6)
rae:. t — ﬂepI/IOﬂ, p83BI/ITI/IH CUCTCMBI.

[loctpoennas HKK, xotopasa ¢yHkuMoHupyer no aaropurmy (2-6), mospouser
UCCJIEIOBATD [IOBEICHUE CUCTEMbI MPU PA3TUUHBIX BAPUALMX BEIUYMHbI KOMIIOHEHTA
BEKTOpa M MaTPHIIBI CBS3CH.

B HeuéTkux ceTax QyHKUUS NPUHAAISKHOCTH YAaCTO U30UPALTCsl rayCCOBCKOrO
Tna [2]:

)*)

: (7)
rae. ¢ U ¢ — mapaMeTpbl, ¢ — ONpeaensieT UEHTP HEUETKOIr0 MHOKECTBA, a
o — KpYyTU3HY (QYHKIHU.

p(X) = exp(—(—=
g

[Toctpoenue pyHkuuu (7) MOKET MPOU3BOJAUTLCSA ABYMS CIOCOOAMM: B IIEPBOM —
IKCTIEPTHI 3a1a10T YCIIOBUS U TTOCIIEICTBUSA M (DOPMUPYIOT TIPaBHUjIa B BUIIE HEUETKHUX BhI-
CKa3bIBaHUN (MIPU 3TOM CUJIBHO OPOSBISAIOTCA CYObEKTUMBHBIE MHEHUS 3KCOEPTOB); BO
BTOPOM — HCIIOJIB3YETCA pa3paboTKa aJrOPUTMOB H METOJIOB OOYUEHUS HEUETKUX KOTHU-
TUBHBIX KapT U AaHHBIX. [Ipu 3TOM AKCTIepTHRIN ¥ aJanTHBHBIN MOIXOABI MOYKHO KOMOU-
HUPOBATb, KOI'J1a, HAPUMED, JUIlIb YACTb MPaBUI 33JaETca 3kcnepTaMu. Koraa u3BecTHbI
COCTOSIHUSL CUCTEMBI TOJIBKO B IIPOMEIKYTOUHBIE OTPE3KU BPEMEHH, TO TTOo100paTh HyHK-
LIVFO TIPUHAUIEIKHOCTH TEPM-MHOKECTB KOHLIENITOB U3 JAHHBIX MOKET OBITH CIIOJKHO, B
CBs13U € 0OJIbIIMM KOJIMUYECTBOM NapaMeTPOB (PYHKLIMHU NPUHAICHKHOCTH.

YacTo mcronb3yoTes KOMOWHUPOBAHHBIE MOAXOMABI, KOT/Ia BCE TpaBWIIa 3ajaa-
IOTCSl DKCIIEPTaMU, a BecoBbie KO3 (DULIMEHTHI CBsI3el noa0uparoTes B mpoiecce o0y-
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YEHUSI, XOTS JUTS 3TOTO HY)KHO 3HATH OIIEHKH BCEX KOHIICTITOB B OTIPEICIIEHHBIC TIPO-
MEKYTKH BpemeHH . 3aech 3PPEKTUBHO MCIOAL3YIOTCS aaropurmbl auddepeHiu-
anpHOTO 00yueHust XebOnana pa3TuIHbIX Moaudukammii [1,3].

Pe3yjbTaThl B BBIBOIBI

Ha pucyHke mokazaHa MOJENb TEXHOJIOTHYECKOTO KOMIUIEKCA CaXapHOTO 3aBOJa
B BUJI€ HEYETKONW KOTHUTUBHOM KapThbl, KOTOpas pa3padoTaHa HA OCHOBE:

* AHAJMTHUYECKNX 3aBUCUMOCTEN, XapaKTEPHU3YIOLMMX PACYETHBIN TEXHOJOTHYE-
CKMH PEIKUM C UCMOJIb30BaHUEM 0aTaHCOBBIX YPABHEHUU, KHHETUYECKHUX 3aBUCUMO-
CTEH, NOKA3aTENEH YAE/IbHbIX PACXOJ0B ChIPbsl, SJHEPIrOHOCUTENIEN, MATEPHUAIIOB U T.10.

* JKCTIEPTHBIX OLEHOK CTEIIHAITMCTOB M JINTEPATYPHBIX HCTOUYHUKOB.

Ha pucyHke noka3aHbl NPOMEKYTOUHbIE KOHLENTbI, BXOAHBIE U BbIXOHbIE ACHCTBHS.

Beioenentsie KOHYyenmai.

IIpomescymounwvie konyenmel. [, — TEXHUYECKOE U TEXHOJIOTHUYECKOE OCHAILIEe-
Hue; £, — 06opoTHbie (OHMBI 3aBOJIA; £, — KAUECTBO MPOIYKIIHY;

I, — kaapoBoe odecneyeHue; K, — CTENeHb UCNONb30BaAHUA 000PYN0BAHUA,

£, — yTipaBlieHHE TPOU3BOICTBOM U COBITOM; /., — KOHKYPEHTOCTIOCOOHOCTD TIPO-
AyKUUM, F,— 00bEM PhIHKOB cObITA; £, — NOMOJHUTE/IbHbIC BUAbI IPOAYKIIHHU,

E,, — 00b&M JOMOJIHUTEIBLHOIO MPOU3BOACTBA; /,, — 00BbEM OCHOBHOIO MPOU3-

BOJICTBA; I/, — PCHTA0EAbHOCTb IPEANPUITHUA.

Bxoonsie oeiicmsust: X, — CPEIACTBA HA TEXHUUECKOE TIEPEBOOPYIKEHHUE,

X, — CpeacTBa HA CUCTEMY YIIPABJIEHUS IIPOU3BOACTBOM; X, — CPEACTBA UHBE-
CTOPOB; X, — NOCYAapCTBEHHBIE UHBECTULINM, X; — LEHBI HA YHEPTOHOCHUTEIH; X, —
LIEHbI HA ChIPbE U MATEPUAIIbL, X, — LIEHbl HA TOTOBYIO NPOAYKUHUIO.

Boixoonwie oeiicmeusi: Y, — Hanoru; Y, — npuObiib; Y, —3apa00THbIC NiaThl; ¥, —

YUCIEHHOCTh PAOOTHUKOB.

Kak BHIHO, HEKOTOPBIC KOHIIENTHI W TIEPEMEHHBIC SBIAIOTCS oommmMu s TK,
€ro MOJACHMCTEM W 3aBOJIA B LIEJIOM.

KoruuruBHas kapTa OTPaKaeT JMilb Haauuue BausiHus GaKTOpOB APYr HA Apyra
[4]. B Heii He oToOpakaeTcst METaTLHBIN XapaKTep BIUSHUS, TUHAMUKA W3MEHEHUS
BO3JCHCTBUA B 3aBUCMMOCTH OT CUTYyallUii, BpEMEHHAs U3MEeHEHUE caMuX (HAKTOPOB.
VYuuTbiBas 370, HEOOXOIMMO NEPEHTH HA APYTOM YPOBEHb CTPYKTYpU3aLuu undopma-
WU, OTPAKEHHON B KOTHUTUBHOW KapTe, T.€. K KOTHUTUBHO MOJIEIIH.

Jlns onvcaHys KOTHUTUBHON Mo aenu 3G deKTUBHO UCMOb3YI0TCA oprpadsl. 13-
MeHeHUe (PaKTOPOB MPOUCXOAUT MOLIATOBO K OMPEACACHUIO PEAKIIMH CUCTEMbI, IOCTIE
9Er0, ¢ TOMOIIHI0 MHOTOKPHUTEPHATILHOTO BBEIOOPA, OTPEACNAETCS MHOMKECTBO TTOJIO-
YKUTEIbHbIX CLIEHAPUEB U MPOBOJAUTCS MX patKkupoBaHue. KOrHUTUBHbBIN aHAIN3 U MO-
JEeNMPOBAHKE MO3BOJIAIOT UCCIEN0BATH MPOOIEMY, YUECTh U3MEHEHHUE BXOIHbIX (aK-
TOPOB ¥ OTIPEIEITUTD PEAKITHIO CUCTEMBI.

-28 -
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IlocTpoeHne KOrHUTUBHOU MOAEIU NPOOAEMHON CUTyaluuu 0a3UupyeTcs Ha METO-
JTUKE KOTHUTUBHOTO aHaJTN3a CJIOYKHBIX CUTYyaIuii. JTaroM, CIeayoIero nocie coopa
W CUCTEMATHU3aLMK CYLIECTBYIOLICH CTATUCTUUECKON M KaueCTBEeHHOH MHpOpMaLuu,
NPeyCMOTPEHO BBIACIEHUE OCHOBHBIX XAPAKTEPUCTUUECKUX IPHU3HAKOB UCCIEaYe-
MOTO TIPOTIECcca U B3aUMOCBS3EH, a Takke BBIICICHNE (paKTOPOB, HA KOTOPBIE PEaTbHO
MOTYT BIMATb CYObeKTbl cUuTyauuu. Ciaeayoimmum 3TanoM ABasgeTcs ONpeIeIeHUE MHO-
»KecTBa (PaKTOPOB, BIMAIOLIMX HA LeaeBble PyHKUUU. DTU HAaKTOpbl B MOaeau OyayT
MOTEHIIMAIBHO BO3MOKHBIMU pblYaraMH BJIUSHUSA HA CUTyaUMtoO. [JI1 KOTHUTHBHOTO
MOJICIUPOBAHUS UCIIOJB3YETCA MporpaMMHoe cpeactBo «KaHBay». YKa3piBaeTcsa pas-
MelleHUe BeplirH rpada, nocie 4ero NporpaMMHOE CPeICTBO ¢ YYETOM YKA3aHHBIX B
MaTpPHLIE CMEKHOCTH CBA3€M aBTOMATHUECKH CTPOUT OPUEHTHPOBAHO B3BEILIEHHBIN
rpad, Ha KOTOPOM HAIJISIAHO OTPAXKEHbI CBA3M MEXKAY (paKTopamu.

PaspaboTanHas MeTOAUKA MO3BOJISIET COBMECTHO PEIUATh 3a/1a4y CUTYALIMOHHOTO
YIIPABICHUS TEXHOJOTHIECKUM KOMTIJIEKCOM W KOOPAWHAIINY ()YHKIHOHWPOBAHUS €T0O
moJcucTeM [5].
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